Assessment of the potential risk of pesticides is an important part of registration procedures in many countries. However, risk assessment of several pesticides used during the growing season has not been carried out. The aim of this study was to investigate the effects of pesticides (azoxystrobin and glyphosate), heavy metals (cadmium chloride, potassium dichromate, zinc disulphate) and their combinations on lethality to Artemia franciscana. In total, 1,250 freshly hatched nauplii of A. franciscana were used in the study. They were placed in 125 Petri dishes (10 nauplii in one Petri dish) containing 10 ml of azoxystrobin, glyphosate, cadmium chloride, potassium dichromate and zinc sulphate separately, or their combinations; the control dish contained only sea water. Each experimental set consisted of 50 nauplii which were divided into five replicates of 10 nauplii per replicate. Live A. franciscana were counted after 24, 48, 72 and 96 h and the numbers were compared with the control group. A significant (P < 0.05) decrease in lethality was observed after exposure to azoxystrobin in combination with glyphosate after 48, 72 and 96 h of exposure, in combination with glyphosate and potassium dichromate after 48 h of exposure, and in combination with glyphosate and zinc disulphate after 48, 72 and 96 h of exposure. The results of this study provide information about the combined toxicity of pesticides used during the growing season and some heavy metals as major pollutants of the rural environment. A study of this kind has not been conducted yet. Further research for investigation of the combined toxicity of pollutants and pesticides is required.
Intensive agricultural production involves more extensive use of pesticides, in particular fungicides and herbicides, resulting in a higher burden in ecosystems. Azoxystrobin ranks among the most widely-used fungicides globally. Azoxystrobin is characterized as a substance hazardous for fish as well as other aquatic life. Glyphosate is used as a nonselective herbicide and is used to treat many crops. It is also used to treat pastures, nurseries and non-agricultural land (Roundup Biactive, MSDS, Monsanto, USA) . Considering the actual agricultural use of glyphosate, there is a need to monitor the substance in the aquatic environment on a regular basis (Giesy et al. 2000) . Glyphosate ranks among extremely persistent pesticides with a half-life longer than 100 days (calculated from field studies). Glyphosate was found in streams following agricultural, forestry and urban applications. Cadmium is a toxicologically relevant substance contaminating the environment (Čelechovská et al. 2006; Čelechovská et al. 2008; Harkabusová et al. 2012) . Zinc is an important biogenous element and an integral part of many metaloenzymes. Results from monitoring of heavy metals in living organisms were reported in the studies of Slavík et al. (2006) and Čelechovská et al. (2007) . Growing environmental pollution calls for a focused interest in identifying the effects of interaction of various kinds of pollutants on living systems. For that reason, an alternative generation II biotest with Artemia franciscana is used (Dvořák and Beňová 2002) .
The aim of this study was to investigate the effects of pesticides (azoxystrobin and glyphosate) heavy metals (cadmium chloride, potassium dichromate and zinc disulphate) on lethality of Artemia franciscana.
Materials and Methods
In total 1,250 brine shrimp (Artemia franciscana) were used to investigate the effects of pesticides and heavy metals on their lethality. The shrimp were hatched in seawater with chemical composition according to Dvořák et al. (2005) . All solutions were diluted with freshly prepared seawater. In total, 125 Petri dishes used in the experiment contained 10 ml of azoxystrobin, glyphosate, cadmium chloride, potassium dichromate and zinc sulphate separately, or their combinations; control dishes contained only sea water (Table 1) .
Ten freshly hatched nauplii were placed in each polystyrene Petri dish with a diameter of 60 mm. Petri dishes were kept at 20 ± 1 °C in the thermostat. Each experimental set consisted of 50 nauplii which were divided into five replicates of 10 nauplii per replicate.
Live brine shrimp in each experimental set were counted after 24, 48, 72 and 96 h. Their counts were compared with the control group, and statistically evaluated (arithmetic means ± standard deviation) using MS Excel 2007. Dean-Dixon test (Dvořák 1995) was used to exclude outliers. The significance (P < 0.05) of inter-group differences was tested according to Mainland (1963) . 
Results
Lethality of Artemia franciscana was 4% in the control group (less than 10% lethality in the control group is an essential prerequisite for test assessment). The experimental groups were compared with the control group. The group containing azoxystrobine showed a significant (P < 0.05) increase in lethality at all time intervals. The groups containing glyphosate and zinc separately did not show any significant (P < 0.05) change in lethality. Significantly increased (P < 0.05) lethality was observed in the group that contained cadmium after 96 h of exposure. The group containing chromium showed a significant (P < 0.05) increase in lethality after 72 and 96 h of exposure. Comparison of the glyphosate and azoxystrobin groups with the control group showed a significant (P < 0.05) increase in lethality after 48, 72 and 96 h of exposure. The significance of other groups compared to the control group is presented in Table 2 .
Statistical comparisons of the azoxystrobine group with other azoxystrobine-containing groups showed that the groups containing azoxystrobine and glyphosate (AG), and azoxystrobine, glyphosate and zinc (AGZn) had a significantly lower (P < 0.05) lethality Table 2 . Lethality of Artemia franciscana (%) in the control group and after different expositions to azoxystrobin, glyphosate, cadmium chloride, potassium dichromate, zinc disulphate, and their combinations.
C -control group, A -azoxystrobin,(pesticide) G -glyphosate (pesticide), Cd -cadmium chloride, Cr -potassium dichromate, Zn -zinc disulphate. Data are expressed as x ± SD, a, b differences between the values marked with the same symbol were significant (P < 0. after 48, 72 and 96 h of exposure. Significantly (P < 0.05) decreased lethality after 48 h of exposure was observed in groups containing azoxystrobine, glyphosate and chromium (AGCr), azoxystrobin, glyphosate, chromium and zinc (AGCrZn) and azoxystrobin, glyphosate, cadmium, chromium and zinc (AGCdCrZn). In other groups, there were no significant (P < 0.05) changes.
Comparison of the azoxystrobin and glyphosate (AG) group with the other groups containing that combination showed that the cadmium group (AGCd) displayed a significant (P < 0.05) increase in lethality at all time intervals. The groups containing chromium (AGCr), cadmium and chromium (AGCdCr), and chromium with zinc (AGCrZn) showed a significant increase in lethality after 72 and 96 h of exposure. The cadmium and zinc group (AGCdZn) showed a significant (P < 0.05) increase in lethality after 24, 72 and 96 h of exposure.
Discussion
In this study, we examined the effect of exposure of brine shrimp to pesticides (azoxystrobin and glyphosate) and heavy metals (cadmium chloride, potassium dichromate, zinc disulphate) and their combinations.
Azoxystrobin is highly toxic for freshwater invertebrates such as the water flea; its EC 50 is 259 ppb (Pesticide fact sheet: Azoxystrobin). This was proven also in our study, since brine shrimp exposed to azoxystrobin showed relatively high lethality at all the time intervals tested. Previous studies ranked azoxystrobin among pesticides with moderate persistence in terrestrial environment with general degradation half-life within the range of 72 to 164 days (Pesticide fact sheet: Azoxystrobin). The fate and behaviour of azoxystrobin in salt water is the same as in fresh water; sensitivity of marine organisms to azoxystrobin effects is similar to that of freshwater organisms (Azoxystrobin, Enviro facts Syngenta Crop Protection). In case of glyphosate, we did not observe any lethality in brine shrimp during the testing period. Cox (2000) observed that fish and aquatic invertebrates were more sensitive to glyphosate effects than terrestrial organisms.
Concentrations of cadmium in the soil in some agricultural areas of Slovakia are in the range from 7.04 to 10.78 mg·kg -1 (Hecl 2010) . In our study, we used a higher concentration (25 mg·kg -1 ) and all groups of shrimp exposed to chromium showed high lethality, regardless of other substances it was combined with. This can be explained by the properties of chromium compounds which cause protein coagulation and have corrosive effects. Nováková et al. (2007) observed that cadmium in combination with ZnSO 4 caused a significant decrease in lethality to Artemia franciscana; however, this effect was not shown in our study. Concentration of zinc in the soil in agricultural areas of eastern Slovakia is in the range from 48.28 to 584 mg·kg -1 (Hecl 2004 ). In our study we used a concentration of 100 mg·l -1 ; lethality to Artemia franciscana was comparable to the control group. We found that lethality of shrimp increased gradually in time when they were exposed to a combination of four or five chemicals. The results of this study showed that the actual toxicity of chemicals in the environment is different, taking into account the toxicity combined with other contaminants. However, interactions of all these chemicals are not taken into consideration during standard risk assessment of the use of plant protection products.
We found that shrimp exposed to azoxystrobin showed better survival rates in Petri dish containing azoxystrobin and glyphosate in combination with zinc. The explanation of that phenomenon may be the protective effects of chromium and zinc and their compounds from the harmful effects of azoxystrobin. Shrimp exposed to glyphosate and zinc in combination showed an increase in lethality compared to the shrimp exposed only to glyphosate and zinc separately. The results of the study indicate different toxicity of pesticides in the presence of other pesticides or heavy metals. Based on these results, the use of plant protection products in polluted environment should be well considered. Further investigation of the combined toxicity of pollutants, mainly heavy metals and pesticides used during the growing season is needed.
